We compare magnetovolume effects in bulk and nanoparticles by performing Monte Carlo simulations of a spin-analogous model with coupled spatial and magnetic degrees of freedom and chemical disorder. We find that correlations between surface and bulk atoms lead with decreasing particle size to a substantial modification of the magnetic and elastic behavior at low temperatures. §1. Introduction
§1. Introduction
In the recent years, nanotechnology has become a major field of research, since it allows for the development of materials with completely new properties. Our field of interest is the Invar alloy Fe 65 Ni 35 which shows a vanishing thermal expansion around room temperature. 1) Ab initio calculations show that this behavior is related to two distinct minima on the binding surface, one with a larger lattice constant and a high magnetic moment (HM), another with a smaller lattice constant and a low moment (LM). 2) Based upon these results, we have performed Monte Carlo simulations to reproduce the major anomalies of Fe-Ni alloys at finite temperatures. 3) In this paper we use the same Hamiltonian to study the changes in the material properties occurring when going over to nanoscale dimensions: 
Results and Discussion
As can be seen from Fig. 1 the average magnetic moment is reasonably reduced at low temperatures with decreasing particle size. Due to the spin dependence of U , this leads directly to a reduction of the average volume of the particle. Upon heating the moment increases towards its high temperature limit, causing a largely enhanced thermal expansion in small particles (anti-Invar) which is in contrast to * ) Permanent address: Dept. of Physics, Indian Institute of Science, Bangalore 560012, India typeset using PTPT E X.sty <ver. 1 the Invar behavior of the bulk alloy. In particles with a few thousand atoms or more, this effect is due to the reduced coordination on the surface which allows iron atoms to switch to the LM state in order to avoid energetically unfavorable parallel alignment without causing expensive lattice strain. In particles with about 1000 atoms or less, however, the profile of the moment distribution indicates that surface and core spins are correlated around 10K and contribute both to the reduction of the moment. This result suggests that for future ab initio investigations of ground state properties of small particles, which are inevitable for more precise model calculations, one should take into account lattice distortions in the core as well as on the surface. With increasing temperatures entropy modifies first the core atoms, later the surface atoms switch from the LM state to the HM state, causing a large enhancement of thermal expansion over a broad range of temperature.
